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Abstract 
Credit risk presents the probability of loss that the company incurs in the event of a business partner (the counterparty) default. 
The default may occur if the liabilities are not met under the terms of the contract which in turn results into the loss of the 
company (the creditor). Specifically, the liabilities arose from the credit, trade or investment activities, payment system and trade 
settlement. Difficulties in credit risk modelling arise due to the fact that the company default is not a frequent phenomenon but it 
occurs mainly unexpectedly. However, if the default occurs, it often causes the creditors major losses which size cannot be 
quantified in advance. The issue of modelling and quantification of credit risk is the subject of interest of many studies, scientific 
articles and publications. The access of individual authors to the present issue is diverse and so the methodology used for this 
purpose is not uniform. The present contribution will address the analysis and comparison of four basic approaches of 
description, but especially the quantification of credit risk: CreditRisk+, Credit Metrics, Merton model and Credit Grades. The 
comparison will be made on the basis of the computer performance, the applicability to different types of companies (public or 
non-public tradable), the volatility of credit events, the correlation of credit events occurrence, the required input data, currency 
of data and such like. Conclusions and recommendations for the application of the various approaches in specific situations will 
be parts of the contribution. 
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1. Introduction 
Credit risk represents loss probability that the firm incurs in the case of business partner failure (counterparty).  
For this failure, we can consider failure to fulfil the obligations under the terms of the contract, which in turn results 
in the business (creditor) loss. Specifically, we are talking about obligations arising from the credit, trade or 
investment activities, payment and settlement. As an example, we can choose defaults on loans to clients, customers 
outstanding invoices, overdue obligations arising from the issuance of debt or equity securities or obligations arising 
from trading in financial and capital markets, and the like. (Kollár, 2014) 
Banks and financial institutions are particularly vulnerable against credit risk (Spuchľáková & Cúg, 2014). Credit 
risk is one of the fundamental banking risks and also risk area, which contains majority of the banks losses. 
Virtually all banks in the world are facing the problem of bad debts (outstanding loans). They must therefore 
constantly improve their models and practices in the area of credit risk management and find new, more effective 
ways to prevent it. 
Most often, we define credit risk as the risk of losses due to defaults on loans to borrowers. It is the case, when 
the other party in a financial transaction will not behave in accordance with the terms and conditions of contract, 
causing financial loss to the holder of assets (Valášková, Gavlaková & Dengov, 2014). However, exposure to credit 
risk arises in the whole range of bank's activities, not only in providing loans, for example, during the process of 
issuing loan commitments and guarantees in bankers' acceptances, in trading on the capital market when dealing 
with foreign exchanges, futures, swaps, bonds, options, stocks, etc… (Bartošová, 2005).  
Difficulties in credit risk modelling arise from the fact that business bankruptcies (defaults) are not frequent 
phenomenon but occur mainly unexpectedly. However, if default occurs, in fact, it often causes major losses to 
lenders or creditors, but we do not know how to quantify their size in advance. Approach of individual authors to 
this issue is diverse and so is the methodology that is used for this purpose. (Mišanková, Kočišová, 2014b) 
The first and historically the oldest group are structural models. They consider business failures to be endogenous 
event, which is also affected by capital structure. Therefore, they are called structural models in literature. They are 
based on the assumption that credit events are determined by the changes in value of company. Therefore, they are 
mainly focused on modelling of company value development and are based on economic fundamentals of firm 
theory. Most models assume that default occurs at a time, when the company value falls below given threshold for 
the first time. In other words, at this time the business no longer has assets of sufficient value, to be able to cover all 
its obligations. Among the authors who deal with the structural credit risk models, we include for example (Black & 
Scholes 1973; Merton 1974;Black & Cox 1976; Kealhofer, McQuown & Vasicek 2003a , 2003b; Geske 1977), 
(Longstaff Schwartz , 1995; Dufresne , Goldstein , & Martin , 2001) and others. 
Reduced models are not based on strong economic structure like structural models. While structural models are 
dependent on capital structure, reduced models perceive the default as an exogenous variable and try to explore its 
course. Unlike structural models, which seek the help of structural variables to explain credit spreads, reduced 
models use credit spreads as an input for failure probability calculation. We recognise two types of models: models 
based on the intensity and credit migration models. The first group put emphasis on modelling the random time of 
default as a time of jump in one jump random process. The second type models transitions between credit ratings 
with the help of Mark’s process. The main advantage of reduced models is that they do not require information 
about capital structure of the reference entity. Debtor's bankruptcy process is modelled as a random process of 
Poisson type. Among the most prominent authors who deal with the reduced credit risk models we include for 
example (Duffie & Singleton , 1999; Hull and White 2000, 2000b; Jarrow & Turnbull 1995; Jarrow & Protter 2004; 
Madan & Unal , 1998) and others. 
Recently, new type of models had been developed. They are called hybrid models in specialized literature. This 
group of models is inspired by the elements of both structural and reduced models (Zhou, 2001).  
During the second half of the 1990s, banks and consultants started developing credit risk models aimed at 
measuring the potential loss, with a predetermined confidence level, that a portfolio of credit exposures could suffer 
within a specified time horizon (generally one year). These were mostly motivated by the growing importance of 
credit risk management especially since the now complete Basel II. These Value at Risk (VaR) models include J.P. 
Morgan’s - CreditMetrics®, Credit Suisse Financial Products’ – CreditRisk+®. Genesis of credit models is pictured 
in Table 1. 
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         Table 1. Genesis of credit models. 
 Main models & related empirical studies Treatment of LGD 
Relationship between 
 RR and PD 
Credit Pricing Models 
First-generation 
structural-form models 
Merton (1974), Black and Cox 
(1976), Geske (1977), Vasicek 
(1984), Jones, Mason and 
Rosenfeld (1984). 
PD and RR are a function of 
the structural characteristics 
of the firm. RR is therefore 
an endogenous variable. 
PD and RR are inversely related (see 
Appendix A). 
Second-generation 
structural-form models 
Kim, Ramaswamy and 
Sundaresan (1993), Nielsen, 
Saa-Requejo, Santa Clara (1993), 
Hull and White (1995), Longstaff 
and Schwartz (1995). 
 
RR is exogenous and 
independent from the firm’s 
asset value. 
RR is generally defined as a fixed 
ratio of the outstanding debt value 
and is therefore independent from 
PD. 
Reduced-form models 
Litterman and Iben (1991), Madan 
and Unal (1995), Jarrow and 
Turnbull (1995), Jarrow, Lando 
and Turnbull (1997), Lando 
(1998), Duffie and Singleton 
(1999), Duffie (1998) and Duffee 
(1999). 
Reduced-form models 
assume an exogenous RR 
that is either a constant or a 
stochastic variable 
independent from PD. 
Reduced-form models introduce 
separate assumptions on the dynamic 
of PD and RR, which are modeled 
independently from the structural 
features of the firm. 
Latest contributions on 
the PD-RR relationship 
Frye (2000a and 2000b), Jarrow 
(2001), Carey and Gordy (2003), 
Altman, Brady, Resti and Sironi 
(2003 and 2005), Acharya Bharath 
and Srinivasan (2003, 2007), 
Miu and Ozdemir (2006). 
Both PD and RR are 
stochastic variables which 
depend on a common 
systematic risk factor (the 
state of the economy). 
PD and RR are negatively correlated. 
In the ‘macroeconomic’ approach 
this derives from the common 
dependence on one single systematic 
factor. In the ‘microeconomic 
approach’ it derives from the supply 
and demand of defaulted securities. 
Industry health is also a major factor. 
Downturn LGD studies. 
 
Credit Value at Risk 
Models 
CreditMetrics 
Credit Portfolio View 
CreditRisk+ 
PortfolioManager 
Gupton, Finger and Bhatia (1997). 
Wilson (1998). 
Credit Suisse Financial Products 
(1997). Crosbie (1999). 
Stochastic variable (beta 
distr.) Stochastic variable 
Constant 
Stochastic variable 
RR independent from PD RR 
independent from PD RR 
independent from PD 
RR independent from PD 
2. Merton Model 
There is no doubt that Merton approach to credit risk measurement offers convincing results. The advantage of 
this model lies in the possibility, to use it for any publicly traded company and to use data from the stock market 
rather than financial data of company (Mišanková & Kočišová, 2014b). It can be also used to model expected future 
developments. The application of this approach in routine practice, however, revealed some of its shortcomings. 
Credit spreads generated by model, that is premium to risk-free interest rates are usually lower than the actual 
spreads. Merton model assumptions hardly reflect the real world. (Kočišová, Mišanková, 2014b) 
Previous experience shows that the company will have troubles with paying their liabilities long time before the 
value of its assets falls below the value of liabilities. Some of the Merton model shortcomings can be overcome by 
its extension. Probably the best known of them and most widely used in practice is KMV model.  
3. Credit Metrics 
CreditMetrics model is a theoretical framework of JP Morgan software for credit risk management called Credit 
Manager. This approach is based on the idea that the model used to manage credit risk has to be applicable to all 
types of financial instruments subjected to substantial credit risk and valuation methods have to correspond with 
actual market prices. CreditMetrics is therefore used for valuation of bond prices (Jorion, 2006).  
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CreditMetrics offers a different approach to credit risk measuring than structural models. It uses completely 
different variables than structural approaches. CreditMetrics offers so called empirical Value at Risk approach to 
measuring credit risk, which should reflect current market prices, and addresses the question "how much funding 
will be lost" in the worst case (Musa & Musová, 2010). Historical transition matrices and forward prices are more 
important than the actual value of company. It cannot be abstracted from the fact that the value of company assets 
and its changes play an important role also in this model, because they represent a key indicator for rating change. 
Therefore CreditMetrics model should not be regarded as purely reduced, but rather somehow hybrid, using a 
structural as well as reduced access to measurement of VaR values of loans portfolio or securities (Šukalová & 
Ceniga, 2013). 
4. CreditRisk+ 
Credit Suisse First Boston applied actuarial methods in the CreditRisk+ model. They are commonly used for 
insurance matters for modelling credit risk. Default is the main factor influencing credit risk, modelled directly with 
the use of Bernoulli‘s distribution for each company according to this approach. Unlike the approaches discussed 
above, this model does not require any assumptions about the causes of default and does not capture the gradient of 
risk (Mun, 2004). 
It requires only a few inputs – the default probability for each instrument. The provision of compact losses 
probability results for portfolio of loans and the inclusion of contributions to the risk from individual borrowers 
make this model attractive in terms of calculation. Unlike other approaches, this model does not associate default 
probability with capital structure of company, and it does not estimates it with the use of historical data. 
(Mišanková, Kočišová & Adamko, 2014) 
Model does not address the reasons for default, only assumes that the bank has an idea about the default 
probability of individual borrowers. However, even this approach has its limitations. CreditRisk+ on the contrary to 
CreditMetrics model does not take into account migration or market risk of the borrower. Exposure is fixed for each 
obligor and it cannot depend on changes in the credit quality of the issuer. This rather unrealistic assumption is not 
surpassed even in the most general version of the model.  
5. Credit Grades 
The aim of the Credit Grades model creators is to create transparent, accurate, consistent, standard model, 
applicable to a wide range of publicly-tradable firms in order to quantify individual's credit risk of these companies. 
Credit Grades model was published in 2002 by RiskMetrics as a commercial structural model. Its creation was 
supported by several world known banks such as Deutsche Bank, Goldman Sachs and JP Morgan. These banks have 
decided that the model will be publicly published, because they wanted to create transparent and standard procedure 
for analysis and valuation of credit risk occurring in the financial markets. The creators of Credit Grades model 
wanted to contribute with this procedure to more efficient functioning of financial markets in the area of credit risk 
trading (Kočišová & Mišanková, 2014). 
Credit Grades model quantifies credit risk of individual financial instruments on the contrary to Credit Metrics 
model, which quantifies credit risk of entire portfolio. 
Credit Grades model differs from other structural models in the credit risk determination. It determines it on the 
base of credit spreads. Other structural models determine credit risk on the base of default probability. 
Extensive database of defaulted companies is the core of input data for these models. Input data for Credit Grades 
are market observatory data, so the model can better capture the market dynamics. By observation of credit spreads, 
we can monitor the evolution of riskiness in the company. With increasing credit spread the riskiness of the 
company also increases. Credit Grades assumes that the assets value of company attributable to one share evolves 
over time by stochastic process that we model with the use of geometric Brownian movement. Default under this 
approach is defined as the point at which the value of assets exceeds the default barrier. This barrier represents the 
remaining value of assets that can be used by company to satisfy creditors in the case of default (Boďa & 
Kanderová, 2010). 
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6. Conclusion 
Synoptic comparison of each credit model basic characteristics, which we addressed in this paper, is shown in 
Table 2. This table summarizes and compares characters of each model. We selected common features of all models 
for comparison characteristics. 
     Table 2. Comparison of selected models. 
 CREDIT RISK+ CREDIT METRICS MERTON MODEL CREDIT GRADES 
Author Credit Suisse JP Morgan Merton RiskMetrics 
Risk identification Default probability – credit rating 
Standard deviation, 
quantile 
Default probability - 
Expected default 
frequency, Distance to 
default 
Default probability – 
Credit spread 
Risk source Default probability and default rates Market valued assets Assets value Assets value 
Input data 
Default rates 
and volatility, 
makrofactors, loss given 
default. 
Transitive matrix, 
ratings, credit spreads, 
correlations 
Market data and 
information from the 
financial statements of 
the company 
Market data, average 
recovery rate,  
total debt of the 
company 
Volatility Constant Constant Variable - random Variable - random 
Computation 
difficulty 
Medium demanding 
calculation 
Least demanding 
calculation 
Medium demanding 
calculation 
Most demanding 
calculation 
Future value of 
assets 
Distribution of present 
value of portfolio 
Distribution of present 
value of portfolio 
Log-normal distribution, 
the need to determine 
market value of assets 
Brownian stochastic 
motion 
Recovery rates Constant within a certain band Random Random Random 
Numerical 
approach Analytic Simulation / analytic Analytic Analytic 
Company type Publicly-traded company 
Publicly-traded and 
non-public company 
Publicly-traded 
company 
Publicly-traded 
company 
Approach Market-to-market Market-to-market Default mode Default mode 
Risk rate of Portfolio Portfolio Company Individual financial instruments 
Correlation of risk 
factors 
Calculated from 
processes, resp. failure 
states 
Calculated from the 
relative movement of 
assets 
Calculated from the 
relative movement of 
assets 
Calculated from 
processes, resp. failure 
states 
Recency  Does not require historical data 
Assumption that history 
will repeat 
Data can be out of date 
and inaccurate 
Current and accurate 
data 
 
The International Swaps and Derivatives Association (ISDA), together with The Institute of International Finance 
(IFF) published a study in 2000 that tests credit risk measurement across multiple current models on a sample of 25 
commercial banks in ten countries (Saunders & Allen, 2002).  
The results of this research indicate the fact that models show similar results to each other, unless they have been 
given similar inputs. Any discrepancy between the models is due to both unequal inputs and their pre-treatment, 
different pricing, changes in spreads, different discount rates and asset correlation. 
Acknowledgements 
The contribution is an output of the science project VEGA 1/0656/14- Research of Possibilities of Credit Default 
Models Application in Conditions of the SR as a Tool for Objective Quantification of Businesses Credit Risks. 
References 
Bartošová, V. (2005). Optimalizácia finančnej štruktúry podniku. Žilina: EDIS Publishers, University of Žilina. 
Black, F., & Cox, J. C. (1976).  Valuing Corporate Securities - Some Effects of Bond Indebture Provisions. Journal of Finance, 31, 351-367. 
361 Tomáš Klieštik and Juraj Cúg /  Procedia Economics and Finance  23 ( 2015 )  356 – 361 
Black, F., & Scholes M (1973).  The Pricing of Options and Corporate Liabilities. Journal of Political Economy, 81, 637–654. 
Boďa, M., & Kanderová, M. (2010). Cash-flow at risk & earnings at risk. ZIMKA, Proceedings of the International Scientific Conference AMSE 
2010 Demänovská Dolina, Slovakia, 45 – 51. 
Crouhy, M., &  Galai, D., & Mark, R. (2000). A Comparative Analysis of Current Credit Risk Models. Journal of Banking and Finance, 24 (1–
2), 59–117 
Duffie, D., & Singleton, K.J. (1999).  Modeling Term Structures of Defaultable Bonds. Review of Financial Studies, 12 (4), 687-720. 
Geske R. (1977).  The Valuation of Corporate Liabilities as Compound Options. Journal of Financial and Quantitative Analysis, 12 (4, 
November), 541–552. 
Gordy, M. B. (2000).  A comparative anatomy of credit risk models. Journal of Banking & Finance, 24 (1/2), 119–149. 
Hull, J. C. (2009).  Risk Management and Financial Institutions, Second edition, Pearson Education.  
Hull, J., & White, A. (2000a). Valuing Credit Default Swaps I – No Counterparty Default Risk. Working paper, University of Toronto. 
Hull, J., & White, A. (2000b).  Valuing Credit Default Swaps II – Modeling Default Correlations. Working paper, University of Toronto. 
Jarrow, R.A., & Protter, P. (2004).  Structural Versus Reduced Form Models – A New Information Based Perspective. Journal of Investment 
Management, 2 (2), 1-10. 
Jarrow, R.A., & Turnbull, S. (1995). Pricing Derivatives on Financial Securities Subject to Credit Risk. Journal of Finance, 50 (1), 53-85. 
Jones, E., & Mason, S., & Rosenfeld, E. (1984). Contingent Claim Analysis of Corporate Capital Structures – An Empirical Investigation – 
Journal of Finance. 
Jorion, P. (2006).  Value at Risk, McGraw-Hill Publisher. 
Kealhofer, S. (2003).  Quantifying Credit Risk I – Default Prediction. Financial Analysts Journal, January/February, 1.   
Kealhofer, S. (2003).  Quantifying Credit Risk II – Debt Valuation. Financial Analysts Journal, May/June, 3. 
Kočišová, K., & Mišanková, M. (2014a). Assessment model used for determination of default risk. Proceedings of ICMEBIS 2014 International 
Conference on Management, Education, Business, and Information Science, Shanghai, China, EDUGait Press, Canada, 39-42.  
Kočišová, K., & Mišanková, M. (2014b). Prediction of Default by the Use of Merton's Model and Black and Cox Model. 4th International 
Conference on Applied Social Science (ICASS), Singapore, Mar 20-21, 2014, Advances in Education Research, 51, 563-568. 
Kollár, B. (2014). Credit Value at Risk and Options of Its Measurement. 2nd International Conference on Economics and Social Science (ICESS 
2014), Information Engineering Research Institute, Advances in Education Research, 61, 143-147. 
Longstaff, F., & Schwartz, E. (1995). A Simple Approach to Valuing Risky Fixed and Floating Rate Debt. The Journal of Finance, 50 (3), 789–
819. 
Madan, D., & Unal, H. (2000). A Two-Factor Hazard Rate Model for Pricing Risky Debt and the Term Structure of Credit Spreads, The Journal 
of Financial and Quantitative Analysis, 35(1), 43-65.  
Merton R. (1974).  On the Pricing of Corporate Debt: The Risk Structure of Interest Rate. Journal of Finance, 29, 449–470. 
Mišanková, M., & Kočišová, K. (2014a). Black and Cox Model and its use for prediction of default. Proceedings of ICMEBIS 2014 International 
Conference on Management, Education, Business, and Information Science, Shanghai, China, EDUGait Press, Canada, 47-50.  
Mišanková, M., & Kočišová, K. (2014b). Theoretical Framework of Merton´s Model. 4th International Conference on Applied Social Science 
(ICASS 2014), Information Engineering Research Institute, Advances in Education Research, 51, 557-562. 
Mišanková, M., Kočišová, K., & Adamko, P. (2014). CreditMetrics and its use for the Calculation of Credit Risk. 2nd International Conference 
on Economics and Social Science (ICESS 2014), Information Engineering Research Institute, Advances in Education Research, 61, 124-129. 
Mun, J. (2004).  Applied Risk Analysis. New York: John Wiley & Sons. 
Musa, H., & Musová, Z. (2010). Islamic finance and banking – challenges and perspectives. Řízení a modelování finančních rizik. 5. mezinárodní 
vědecká konference, 8. – 9. září 2010. Ostrava, EF VŠB TU, 269-276. 
Saunders, A., & Allen, L. (2002).  Credit risk measurement: New approaches to value at risk and other paradigms. Second Edition. New York: 
John Wiley & Sons, Inc., 319.  
Spuchľaková, E., & Cúg, J. (2014). Lost Given Default and the Credit Risk. Proceedings of ICMEBIS 2014 International Conference on 
Management, Education, Business, and Information Science, Shanghai, China, EDUGait Press, Canada, 12-15. 
Šukalová, V., & Ceniga P. (2013). Risk management - a necessary part of the bank management in era of critical changes. International Journal 
of Arts and Commerce, 2(11), 47-55. 
Valášková, K., Gavlaková, P., & Dengov, V. (2014). Assessing credit risk by Moody's KMV model. 2nd International Conference on Economics 
and Social Science (ICESS 2014), Information Engineering Research Institute, Advances in Education Research, 61, 40-44. 
Zhou, Ch. (2001). The Term Structure of Credit Spreads with Jump Risk. Journal of Banking and Finance, 25, 2015-2040. 
 
